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a  b  s  t  r  a  c  t
An  adolescent  male  trauma  patient  developed  new  asymptomatic  ST segment  elevations  that  mimicked
a  myocardial  infarction  on infero-lateral  telemetry  leads  on  hospital  day  #8,  following  burn  excision
and  skin  grafting.  This was  conﬁrmed  on  12  lead electrocardiogram.  Laboratory  test results  indicated
normal  potassium.  Troponins  ×3 were  negative.  X-rays  indicated  marked  gaseous  gastric  distention.  Aeywords:
astric distention
T  elevation
lectrocardiogram
nasogastric  tube  was  placed  with  evacuation  of  400  mL  of  ﬂuid  and  resolution  of  gastric  distention.  After
gastric  decompression,  the ST segment  elevations  resolved.  This  case  illustrates  the  need  to consider
acute  gastric  distention  in  the differential  of acute  ST  segment  elevation.
<Learning objective:  Electrocardiographic  ST segment  elevation  generally  indicates  myocardial  infarc-
tion.  However,  in the  asymptomatic  patient  with normal  troponins,  alternative  explanations,  such  as
gastric  distention  should  be  considered.>ntroduction
ST segment elevation is generally associated with signiﬁcant
oronary pathology. We  describe the case of a teenage victim of
lunt trauma, who had acute onset of ST segment elevation, mim-
cking a myocardial infarction, from acute gastric distention. It
esolved promptly with nasogastric decompression. The concept
f QRS axis changes with gastric distention has been described
1]; however, there is minimal literature about ST-T wave changes
econdary to gastric distention [2].
ase history
An obese 15-year-old male was brought to our facility following
 pedestrian vs. car accident. He was hit by a car which probably
rove over a part of him. Past medical history was notable for febrile
eizures in childhood. Family history was notable for hyperten-
ion and diabetes. He was not taking any medications. His injuries
nd their initial management included: pelvic fracture managed
ith a femoral traction pin; partial urethral disruption managed via
oley catheterization; small left pneumothorax and bilateral pul-
onary contusions managed conservatively; clavicle fracture and
ight acromion fracture managed conservatively; and 11% body sur-
ace area burns for which wound care was performed. A toxicology
 This  paper was  presented in part at the 42nd annual congress of the Society for
ritical Care Medicine in San Juan, Puerto Rico in January 2013.
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screen was  negative. Admission electrocardiogram (ECG) was
normal. On hospital day (HD) #4, he underwent burn scrub debride-
ment and orthopedic surgery to repair the pelvis and remove the
femoral traction pin. On HD #8, he underwent burn wound excision
and skin grafting, during which he received 2 units of packed red
blood cells. That evening he had a fever to 38.7 ◦C and new-onset
ST segment elevation on telemetry leads (Fig. 1). He denied chest
pain, shortness of breath, or any other complaints. His pulse was
117, respiratory rate was  16, blood pressure was 137/66 mm Hg,
and SpO2 was 100% on 1 L oxygen by nasal cannula. He was not
in distress, was tachycardic, with clear lung ﬁelds. His abdomen
was soft, not tender, and not distended. Extremities were without
edema. A 12-lead ECG demonstrated sinus tachycardia and con-
ﬁrmed new ST segment elevation in infero-lateral leads (Fig. 2A).
Troponin I was  negative ×3; each level was  drawn eight hours apart.
Potassium was  4.3 mmol/L, magnesium was 1.8 mg/dl, calcium was
7.5 mg/dl, and creatinine was 0.42 mg/dl. Hemoglobin was 9.8 g/dl.
Radiographic imaging indicated new acute marked gaseous gastric
distention that was not present pre-operatively (Fig. 3). A nasogas-
tric (NGT) tube was  placed and 400 mL  of ﬂuid were evacuated. On
imaging shortly after NGT insertion, decreased gastric distention
was noted; it resolved completely on subsequent imaging several
hours later. Following gastric decompression, ST segment changes
resolved on telemetry and subsequent ECGs conﬁrmed complete
resolution of the infero-lateral ST segment elevation, with persis-
tent sinus tachycardia. The QRS axis remained within normal limits
throughout and there was  no Q wave development (Fig. 2B and
C). The patient remained asymptomatic. Given the patient’s youth,
we felt that he would be at very low risk for myocardial ischemia
or pericarditis, especially with negative cardiac enzymes, without
f Cardiology.
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rig. 1. Multi-lead telemetry from the evening of hospital day #8, following surger
ead  aVR are also noted. Some respiratory variation in the electrocardiogram is also
ymptoms of myocardial ischemia, and with the resolution of the
CG ﬁndings after NG decompression. As such, we felt that further
ork-up via echocardiogram, angiography, or cardiac stress study
as not indicated. The patient was discharged to an acute rehabil-
tation facility on HD #23, following further burn and orthopedic
rocedures.
iscussion
To our knowledge, there are no previous English-language case
eports with ST segment elevation secondary to gastric disten-
ion in trauma patients. The mechanism of this phenomenon is
nclear. We  hypothesize several possible mechanisms: (1) a change
n the heart’s position secondary to gastric distention; (2) changes
n the patient’s body position; (3) Brugada syndrome which was
nmasked by the fever; (4) elevated vagal tone in absence of
rugada syndrome; (5) stress-related/catecholamine-associated
ardiomyopathy; (6) variant angina; (7) pericarditis; (8) blunt car-
iac injury; or (9) perhaps an irritative/direct compression effect
n the heart from gastric distention.
The concept of changes in the ECG secondary to variation in
iaphragmatic position has been described. Speciﬁcally, the con-
ept of gastric dilation causing a leftward shift of the QRS axis
as described by Duke in 1965, in 12 healthy volunteers [1]. He
ound that gastric distention via rapid instillation of air, and thus
 shift in the cardiac position in the chest, had greater effects on
pright ECGs (leftward axis shift in 75% of volunteers) than supine
CGs (leftward axis shift in 25% of volunteers). Changes in the
 axis have also been described in restrictive and obstructive lung
isease [3]. It was suggested that changes in the diaphragm level
natomically distort the right atrium, resulting in an alteration
f the depolarization course [3]. Furthermore, electrical alternans
as been described secondary to severe diaphragmatic eventration
ith resultant cardiac displacement [4]. However, our patient did
ot demonstrate a signiﬁcant change in P axis, QRS axis, or electrical
lternans.
Another consideration is whether changes in body position
esulted in these ST segment changes. A study of 18 patients withonstrating signiﬁcant ST segment elevations in leads II, III, aVF. Abnormalities in
.
ischemic  heart disease and 22 healthy student volunteers found
that 22% of ischemic heart disease patients and 9% of healthy
subjects, respectively, developed greater than 1-mm ST segment
changes with position changes [5]. However, our patient remained
supine with head of bed elevated throughout.
Yet another intriguing possibility is that the patient’s fever of
38.7 ◦C unmasked Brugada syndrome [6]. Ikeda et al. described the
full stomach test as a novel way of identifying patients at risk for
Brugada syndrome, i.e. ST elevation in leads V1–V3 [7]. Speciﬁcally,
patients are at risk of Brugada syndrome when an ECG done shortly
after ingestion of a large meal demonstrates greater than 1-mm
augmentation of ST elevation at the J point. Elevated vagal tone
has been associated with ST elevation, and thus enhanced vagal
tone following a large meal facilitates ST elevation [7]. It is thought
that enhanced vagal tone or acetylcholine increase calcium currents
and can increase ST elevation in patients with Brugada syndrome
[8]. Brugada syndrome is also thought to be mediated by transient
outward potassium current, Ito [9]. It has also been hypothesized
that the syndrome is mediated by a functional reduction in the
myocardial sodium current because of an increased proportion
of sodium channels that enter the intermediate inactivation (Im)
state [10]. Interestingly, no pathognomonic ﬁndings were noted
on histopathologic analyses on myocardial biopsy specimens in 21
patients with Brugada syndrome [11]. Since the ECG “location” of
Brugada syndrome is the anterior right ventricular outﬂow tract
(leads V1 and V2), it is hard to ascribe the infero-lateral location
of the ECG changes in this patient as Brugada changes. The prompt
resolution of ECG changes with gastric decompression would also
argue against Brugada syndrome.
Another consideration is a visceral-cardiac reﬂex, secondary
to gastric distention, resulting in increased vagal tone. To this
end, the concept of vagally mediated symmetrical T-wave inver-
sion has been reported in patients with biliary pathology [12,13].
The increased vagal tone may cause transient coronary vasospasm
[12]. It is possible that our patient had increased vagal tone
which adversely affected coronary perfusion. However, he was
asymptomatic from a cardiac and abdominal standpoint and was
tachycardic.
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An additional differential diagnosis is stress-related cardiomy-
pathy, including Takotsubo syndrome. While he did not have an
chocardiogram or coronary angiogram, his presentation would
rgue against this phenomenon. He was asymptomatic, i.e. he did
ot have any chest pain or shortness of breath. There was also
o pulmonary edema on chest X-ray [14]. He did not experience
ny hypotension; his blood pressure and heart rate remained fairly
ig. 2. (A) Initial 12 lead electrocardiogram (ECG) demonstrating ST-segment elevation in
hown.  (B) 12 lead ECG performed approximately 4 h after initial ECG, and following comm
levation and no Q waves. (C) 12 lead ECG performed approximately 13 h after initial ECG
T-segment elevations and no Q waves. Corresponding telemetry lead II from same time gy Cases 8 (2013) 108–112
stable  during this time. While infero-lateral ST segment elevation
may be seen with Takotsubo syndrome, it is more common for it
to be in the precordial leads. The ECG change also resolved within
several hours as opposed to a few days or longer with Takotsubo
syndrome [14]. Furthermore, Takotsubo cardiomyopathy occurs
primarily in postmenopausal women  [15]. With regards to other
etiologies for stress-related cardiomyopathy, he did not have a
 infero-lateral leads. Corresponding telemetry lead II from same time frame is also
encement of nasogastric decompression, demonstrating resolution of ST-segment
, with ongoing nasogastric decompression, demonstrating complete resolution of
frame is also shown.
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erebral subarachnoid hemorrhage [16]. While there was  no eval-
ation done for pheochromocytoma, there was  nothing in history
r subsequent hospital course to suggest this [16].
Another alternative etiology would be variant (Prinzmetal)
ngina/coronary artery spasm. While there are case reports in the
iterature of this phenomenon in adolescents, our patient did not
ave any chest pain, nor was he diaphoretic [17–19]. However,
his possibility underscores the importance of performing an ECG
ig. 3. Chest X-ray demonstrating marked gaseous distention of the stomach. No
neumothorax is seen.nued ).
in pediatric patients with chest pain, dyspnea, and diaphoresis
because of the rare instance that they may  have variant angina [18].
Pericarditis is also unlikely because of the localized nature of the
ECG changes and their short duration, i.e. resolution with gastric
decompression, as well as the absence of a pericardial friction rub.
Perhaps he sustained blunt cardiac injury from the accident,
which resulted in myocardial susceptibility to acute gastric disten-
tion. However, his admitting ECG was  normal and other than the
above event, he only had sinus tachycardia on telemetry through-
out his hospitalization. As per practice management guidelines of
the Eastern Association for the Surgery of Trauma in 1998, with
a normal admission ECG, the risk of a blunt cardiac injury that
requires treatment is considered insigniﬁcant and no further work-
up is recommended [20]. These were recently revised to indicate
that a normal troponin value along with a normal ECG rules out
blunt cardiac injury [21]. Hence, blunt cardiac injury seems an
unlikely etiology in our patient.
In considering these differential diagnoses, Brugada syndrome,
stress-related cardiomyopathy, variant angina, pericarditis, and
blunt cardiac injury appear unlikely. As such, we  hypothesize that
the infero-lateral ECG changes were largely mediated via a direct
effect of gastric distention on the heart. This may  represent a type
of irritative phenomenon and/or a direct pressure-type effect on
the heart. The absence of a signiﬁcant change in QRS axis in our
patient would argue against major cardiac displacement. Further-
more, there was also no signiﬁcant change in P axis. In support of
this hypothesis is one English-language case report of a middle-
aged female with T wave changes secondary to gastric distention
[2]. She presented with acute sharp retrosternal chest pain while
working at her desk. She had no signiﬁcant history. ECG revealed
T wave inversion and slight ST segment elevations in leads I, aVL,
and V5–V6. There was no shift in the QRS axis. Chest X-ray indicated
marked gastric distention. Her symptoms resolved immediately
with NGT insertion. A subsequent ECG demonstrated resolution of
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he anterior T wave inversion although T wave ﬂattening remained.
 treadmill exercise test and stress thallium perfusion scintigraphy
est were also normal. The mechanism was unclear.
onclusion
To our knowledge, via a Pubmed search, this is the ﬁrst case
n the English-language literature of gastric distention leading
o acute ST segment elevation in a trauma patient. This case
llustrates the need to consider acute gastric distention in the dif-
erential of acute ST segment elevation that is concerning for a
yocardial infarction. The mechanism is yet to be elucidated. In
ifﬁcult situations, an echocardiogram may  be of beneﬁt to help
ifferentiate this pathology from ST segment elevation myocardial
nfarction.
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